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Rapid Prototyping Techniques 
Stereolithography (SLA) 
Laminated Object Manufacturing (LOM) 
Selective Laser Sintering (SLS) 
Fused Deposition Modeling (FDM)  
Solid Ground Contouring (SGC)  
3-D Printing  
! "L!
?+#-"#/& "-0"*+../1& 5! F5*/$*%! 85$! 85/$! g(! F*%.F%*5/.*$! 8%3! F5'$%&/%! E!
F.66$2$3%! .//%&%*%! +&5! 6/54F5! C8! 6/%*%.3$/.,*5G$#5! 8%335! 45&8$2.35[#5*&$.! 8%3!
F5'$%&/%0!!
!
DL%6F%*$%&'5! *$F.*/5/5! $&! 3%//%*5/+*5! &%33L+/$3$''.! 8%335! F*././$F$''5'$.&%!
*5F$85!E!&./%7.3%!%8!522*5##$5!!75*$!#54F$!8%335!4%8$#$&5U!g5201!
!










N&! *$#.6/*+'$.&%! 45&8$2.35*%! 3L+/$3$''.! 8$! 4.8%33$! 5&5/.4$#$! E! 8$7%&+/.!
*.+/$&5*$.!%!$3!#)$*+*,.!!3$!+/$3$''5!F*%.F%*5/.*$54%&/%!F%*!8%G$&$*%!3L%&/$/H!
! -.!




F*%#$6$.&%! 3%,5/$! F*$&#$F534%&/%! 5! 8+%! G5//.*$U! 5T! 35! F*%6%&'5! 8$! 8$G%//$! .66%$!
#5+65/$! 853! F*.#%66.! &%.F356/$#.! #)%! )5! %*.6.[53/%*5/%! 35! 4.*G.3.,$5!
45&8$2.35*%I! ! $!K+53$! 7%&,.&.! *$F*.8.//$!&%3!4.8%33.!5&5/.4$#.!1T! 35!F*.F*$%/H!
%356/$#5!8$!+&5!F35##5!$&!/$/5&$.!4.8%335/5!45&+534%&/%!#)%!F+d!F*.8+**%!o2$56p!
&%335! G56%! 8$! F.6$'$.&54%&/.! $&/*5.F%*5/.*$.! 6+335!45&8$2.35! &5/$750! N&! K+%6/.!
#56.I! $&G5//$I! F$M!F.6$'$.&$!8%335!F35##5! *$6+3/5&.!5##%//52$3$I! &.&!E!F.66$2$3%! #.&!
K+%6/5! 4%/.8$#5! *$F*.8+**%! G%8%34%&/%! 35! F.6$'$.&%! 8%6$8%*5/5! 6+3! 4.8%33.!
5&5/.4$#.!$&!7$7.0!
!
?+#-"#/& 0"*+../1! E! 35! /%#&.3.,$5! .,,%//.! 8$! 6/+8$.! 8$! K+%6/5! /%6$! 8$!
8.//.*5/.0!"$!2565!6+335!F.66$2$3$/H!.,,$!.GG%*/5!85!&+4%*.6$!6.G/O5*%!F*%6%&/$! $&!
#.44%*#$.! S95/%*$53$6%I!9$4$#6I! -*.45:! %##T! 8$! F./%*! %GG%//+5*%! 5! F5*/$*%! 85$!
85/$! g(! F*%.F%*5/.*$! 8%3! F5'$%&/%! +&5! 6$4+35'$.&%! 8%33L$&/%*7%&/.! #)$*+*,$#.!
Se$*/+53!"+*,$#53!-35&&$&,T0!!
N&! #)$*+*,$5! 8%4.3$/$75! %! *$#.6/*+//$75! 45&8$2.35*%! K+%6/5! 6$4+35'$.&%!
F*%7%8%! 35! 8%G$&$'$.&%! 8%33%! .6/%./.4$%! 45&8$2.35*$! F%*! 3L56F.*/5'$.&%! 8%335!
&%.F356$5! %! 35! 6%,4%&/5'$.&%! 8%335! #.4F.&%&%/%! .66%5! 8%3! 3%42.!
4$#.*756#.35*%!*$#.6/*+//$7.!6+335!256%!8%3!8$G%//.!#*%5/.0!
D%! /%#&$#)%! 8$! F*././$F$''5'$.&%! *5F$85! 8$*%//%! &56#.&.! &%33.! 6F%#$G$#.!
&%33L.//$#5!8$!F./%*!/*56G%*$*%!$3!F*.,%//.!7$*/+53%!8$*%//54%&/%!$&!6535!.F%*5/.*$50!!
N3! F*$4.! 5! F*.F.**%! +&5! /%#&$#5! 8$! F*././$F$''5'$.&%! *5F$85! 8$*%//5! $&!
#)$*+*,$5! *$#.6/*+//$75! 45&8$2.335*%! E! 6/5/.! B+G$&,%*! &%3! VWWX! #)%! $&/*.8+66%!
3L+/$3$''.! 8$! +&5! 8$45! 8$! /5,3$.! F%*! 35! *%6%'$.&%! $&! 4%/533.! 85! G$665*%! 5335!
45&8$2.35! F*%6%&/5/%! +&5! 6#5&535/+*5! #)%! G+&,%66%! 85! ,+$85! F%*! 35! 6%,5!




8%3! F5'$%&/%! +&5! 8$45;/%4F35/%! #)%! 6/54F5*.&.! %8! +/$3$''5*.&.! F%*!
F*%4.8%335*%!35!F35##5!*$#.6/*+//$75!F*$45!8%33L$&/%*7%&/.!#)$*+*,$#.0!!
=.6%*! %/! 530! P%3! 1@V@! )5! 8%6#*$//.! 3L$4F$%,.! 8$! ! ,+$8%! 8$! /5,3$.! F%*! 3%!










2-4D;4/54! 3-75799406.! 54! -,10714! 67! ;/.-.-7;799497.0,! /4;764! 67! <,-45! B42,/!
+70-,/70J!.--,0,06.!1.2K!304!;54114!70!-7-407.!;,/2.0457994-4!;497,0-,!2;,178714@!!
L57!2-367!/,1,0-7!67!(7.114!,-!45@!A400.!70-,2.!;./-4/,!4!-,/D70,!54!8757,/4!
;/.1,63/45,! ;,/! 54! 6,-,/D70497.0,! 67! ;5411A,! .22,,! 7067F763457994-,M! 1A,!




















































R2$%//$7.! 8%33.! 6/+8$.! E! 6/5/.! 3.! 67$3+FF.! 8$! +&5! 4%/.8$#5! *$#.6/*+//$75!
$&&.75/$75! 8%335! 45&8$2.35! $&! 542$/.! /*$8$4%&6$.&53%! &%33L.//$#5! 8%3!
4$,3$.*54%&/.!%6/%/$#.!%!G+&'$.&53%!8%$!F5'$%&/$!.F%*5/$0!!!
(4D;7.0,!67!2-367.!
".&.! 6/5/$! $&#3+6$! &%33.! 6/+8$.! V@!F5'$%&/$! 6%3%'$.&5/$! 6%#.&8.! $! 6%,+%&/$!
#*$/%*$!8$!$&#3+6$.&%!%8!%6#3+6$.&%!
(*$/%*$!8$!$&#3+6$.&%!8%$!F5'$%&/$!
• -5'$%&/$! #)$%8%7.&.! %66%*%! 6.//.F.6/$! 5! #)$*+*,$5! .&#.3.,$#5!






• -5'$%&/$! $&! ,*58.! 8$! #.4F*%&8%*%! 3%! #.&8$'$.&$! 8%33.! 6/+8$.! %! 8$!
F5*/%#$F5*%!F%*!/+//5!35!6+5!8+*5/5!
• -5'$%&/$! #.&! &%,5/$7$/H! 5&54&%6/$#.;#3$&$#5! F%*! #5*8$.F5/$%I!
4535//$%! %4.**5,$#)%! %8! %45/.3.,$#)%I! &%G*.F5/$%I! 4535//$%! &%.F356/$#)%! #)%!













• -5'$%&/$! #.&! 8$6.*8$&$! 5+/.$44+&$! 5##%*/5/$I! #.4F*%6$! 3L5*/*$/%!































R,&$! F5'$%&/%! $&#3+6.! &%33.! 6/+8$.! E! 6/5/.! 753+/5/.! 4%8$5&/%! g#!
F*%.F%*5/.*$5! 58! 53/5! *$6.3+'$.&%! #.&! 6#5&6$.&%! 8%$! /%66+/$! 8+*$! %! 4.33$! 8%3!
4566$##$.! G5##$53%0! D5! g#! E! 6/5/5! %6%,+$/5! +/$3$''5&8.! +&! g(! 6#5&&%*! \%&%*53!
B3%/*$#! c$6F%%8I! ! 5#K+$6%&8.! 85/$! 7.3+4%/*$#$! #.&! 63$#%6! 8$! 6F%66.*%! F5*$! 5! VI1Y!
44!%!#.&!+&5!*$6.3+'$.&%!8$!YV1iYV1!F$:%360!N3!G.*45/.!?$#.4!8%$!85/$!g(!E!6/5/.!
%352.*5/.! +/$3$''5&8.! $3! ".G/O5*%! (9<! A0@! S95/%*$53$6%I! D+%7%&I! `%3,$+4TU! $3!
6.G/O5*%!E! $&! ,*58.!8$! %352.*5*%!8.F.!57%*! 6%3%'$.&5/.!+&!58%,+5/.! ! 753.*%!8$!
/)*%6).38! 8%$! 4.8%33$! 7$*/+53$! 8%33.! 6#)%3%/*.! G5##$53%! %! F%*4%//%! 8$! 8%G$&$*%! $3!




"+335! 256%! 8%33%! $&G.*45'$.&$! 85/%! 853! ! #)$*+*,.! E! 6/5/.! ! F.66$2$3%!
F*.,%//5*%! 53! #.4F+/%*! ! +&! o8%7$#%! #)$*+,$#.p! 6+!4$6+*5!F%*! $3! F5'$%&/%!
#.6/$/+$/.! 85! 5T+&5! 8$45! 8$! ,+$85! F%*! 3%! .6/%/.4$%!45&8$2.35*$I! ! 2T+&5!
F35##5! *$#.6/*+//$75! 4.8%335/5! 7$*/+534%&/%! *$F*.8+#%&/%! G%8%34%&/%! $3!









N3! F*$4.! #.4F.&%&/%! E! 35! 8$45! 8$! /5,3$.! F%*! 35! G56%! 8%4.3$/$Q75! 8%33%!
.6/%./.4$%!45&8$2.35*$0!N3!#.4F$/.!8$!K+%6/5!8$45!E!K+%33.!8$!F./%*!F%*4%//%*%!
53! #)$*+*,.! 8$! /*56G%*$*%! $&! 6535! .F%*5/.*$5! 35! 6%8%! %! 3L.*$%&/54%&/.! 8%33%!
.6/%./.4$%!45&8$2.35*$!$&!/%66+/.!.66%.!65&.!F$5&$G$#5/%!6+335!g(!F*%.F%*5/.*$50!
!N3! 6%#.&8.! #.4F.&%&/%! E! 35! F35##5! *$#.6/*+//$75! F%*! 35! G$665'$.&%! 8%3! /%66+/.!
.66%.!8%3!3%42.!4$#*.756#.35*%0!J+%6/5!F35##5!*$F*.8+#%!G%8%34%&/%!$3!#.&/.*&.!
.66%.! .*$,$&53%! 8%335!45&8$2.35! &5/$75! 8%3! F5'$%&/%U! &%3! #56.! $&! #+$! 3%! #.*/$#53$!
.66%%!6$5&.!6/5/%!53/%*5/%!85335!&%.F356$5!5//*57%*6.!35!/%#&$#5!8%3!o4$**.*$&,p!E!




/5,3$.!45&8$2.35*%!%!F.$! 35!F35##5! *$#.6/*+//$75! S/*5&G%**$&,!F*$&#$F3%TU! $! G.*$! #)%!











.6/%./.4$%! 5! #+&%.! 8%33L.66%.! F%*.&%53%! /53$! 85! *$F*.8+**%! G%8%34%&/%! $3!
#.&/.*&.!45&8$2.35*%! .*$,$&5*$.! 8%3! F5'$%&/%0! >&#)%! F%*! 35! 8$45! 8$! /5,3$.! 8%3!
F%*.&%! 7%&,.&.! F*%7$6/$! 8%$! G.*$! 8$! 5&#.*5,,$.! 8%335! 8$45! 53! F%*.&%! #)%!
F%*4%//5&.! $3! #.**%//.! F.6$'$.&54%&/.! 8%33%! 6$&,.3%! +&$/H! S.! o75,.&#$&$pT0! N&!
F5*/$#.35*%!6.&.!F*.,%//5/$!8+%!G.*$!F%*!#$56#+&!6%,4%&/.!8$!G$2+35!85!6%'$.&5*%!5!
#+$!#.**$6F.&85&.!8+%!G.*$!6F%#$G$#$!&%335!F35##5!8$!G$665,,$.!5!3$7%33.!45&8$2.35*%I!








N3! G$3%! "gD! 8%$! F*.,%//$! 7$*/+53$! 4%8$5&/%! +&5! 6/54F5/%! /*$8$4%&6$.&53%!
BR"NPg!91X@! SBR"! \42c;! B3%#/*.! RF/$#53! "n6/%46;! \%*45&nT! ! #.&! /%#&.3.,$5!
?"D9! S8$*%#/!9%/53! D56%*! "$&/%*$&,T! )5! #.&6%&/$/.! 8$! .//%&%*%! 35! 6/54F5! 8%33%!
8$4%!8$!/5,3$.!%!8%33%!F35##)%!*$#.6/*+//$7%!$&!/$/5&$.0!!
D5! 6/54F5&/%! BR"NPg! 9! 1X@! E! $4F$%,5/5! 5! 6#.F.! $&8+6/*$53%! F%*! 35!
/%#&.3.,$5! (>?;(>9! 6+! 35*,5! 6#535! &5'$.&53%! %! $&/%*&5'$.&53%U! #.&6%&/%! 8$!
F*.8+**%! F*././$F$! 45! 5&#)%! .,,%//$! G$&$/$! $&! 4%/533.0! J+%6/5! 6/54F5&/%!
/*$8$4%&6$.&53%! 6$! 2565! 6+335! /%#&.3.,$5! 8$! 356%*! 6$&/%*$''5'$.&%U! +/$3$''5&8.! +&!




























Simulazione delle osteotomie 
 Dima chirurgica di taglio 
mandibolare 
WORKFLOW  
 Placca ricostruttiva CAD-CAM 
Dima chirurgica di taglio 
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CAM-Computer Aided Manifacturing 
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CAD-Computer Aided Design 
CAM-Computer Aided Manifacturing 
Guida di riposizionamento 
mandibolare 
CAD-Computer Aided Design 
CAM-Computer Aided Manifacturing 
(DMLS-Direct Metal Laser Sintering) 
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V0 D5! 3$&%5! !4%8$5&5! E! 6/5/5! 753+/5/5! $8%&/$G$#5&8.! $3! F+&/.!4%8$.;
6$&G$65*$.!5!3$7%33.!8%3!2.*8.!$&G%*$.*%!8%335!45&8$2.35!%!#53#.35&8.!
35! 6+5! F.6$'$.&%! *$6F%//.! 58! +&! F$5&.! .*$''.&/53%! SG*.&/53%T! %!
7%*/$#53%! S65,$//53%T! 53! G$&%! 8$! 8%G$&$*%! *$6F%//$754%&/%! +&5!
#.&8$'$.&%! 8$! 35/%*.8%7$5'$.&%! %! *%/*+6$.&%vF*./*+6$.&%!
45&8$2.35*%0!
10 D5! 75*$5'$.&%!8%33L5&,.3.!45&8$2.35*%!E! 6/5/.!4$6+*5/.! 6+3!F$5&.!
.*$''.&/53%!%!7%*/$#53%!F%*!%&/*542$!$!*54$!45&8$2.35*$!
C0 D5! 8%7$5'$.&%! 5&,.35*%! 8%33L5*#.! 45&8$2.35*%! E! 6/5/5! 753+/5/5!
#.4%! #.&/*5//+*5;*$8+'$.&%! 8%33L5*#.! 45&8$2.35*%! %8! E! 6/5/.!
$&/%6.! #.4%! F5*54%/*.! $&8$#5/$7.! 8%335! F*%6%*75'$.&%! 8%335!
F.6$'$.&%! .##3+653%!45&8$2.35*%! &5/$750! N&! F5*/$#.35*%! 3L5&,.3.! E!
6/5/.! #53#.35/.! #.4F5*5&8.! 3L566%! 8%335! F.*'$.&%! *%//$3$&%5! 8%3!
#.*F.!45&8$2.35*%!&5/$7.!#.&!K+%33.!*$#.6/*+$/.!#.&!G$2+350!
! ="!
h0 D5!F.6$'$.&%! #.&8$35*%! E! 6/5/.! 753+/5/.! /%&%&8.! #.&/.!8%3! F+&/.!
F$M! 35/%*53%! 8%335! /%6/5! #.&8$35*%! #.4%! %7$8%&'$5/.! &%335! G$,+*5f!



















P.&! 6$! E! 5FF*%''5/5! +&5! 8$GG%*%&'5! 6$,&$G$#5/$75! F%*! K+5&/.! *$,+5*85! 35!
753+/5'$.&%!8%335!3$&%5!4%8$5&5!&%3!,*+FF.!/%6/!%!&%3!,*+FF.!#.&/*.33.0!
!





Caso 1 0.893 0 
Caso 2 1.089 0 
Caso 3 0.522 0 
Caso 4 3.947 0 
Caso 5 0.120 0.408 
Caso 6 3.041 1.850 
Cas0 7 2.379 2.838 
Valore medio 1.713 0.728 
g520!C!\*+FF.!/%6/U!3$&%5!4%8$5&5!
!




Caso 1 1.175 0 
Caso 2 2.616 0 
Caso 3 0.335 12.797 
Caso 4 0.005 0 
Caseo 5 1.174 4.387 
















4.8$G$#5! 6+3!F$5&.! 65,$//53%!m!R!44;! SYXs!8%$!F'T! *$6F%//.!5!C! #56$! ! &%3!
,*+FF.!#.&/*.33.!SA@!sT0!
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Caso 1 -3.164 -5.278 +1.116 -2.356 
Caso 2 -1.104 +0.420 -2.101 0 
Caso 3 -1.673 -1.583 -0.997 +2.324 
Caso 4 +1.460 -0.479 +2.025 -0.965 
Caso 5 +1.201 +2.732 +2.899 +1.624 
Caso 6 -2.270 +1.728 +1.501 +1.686 
Caso 7 -2.427 -1.826 -0.134 -0.846 
Valore Medio 1.899 2.006 1.539 1.400 
g520!Y!\*+FF.!/%6/!!














Caso 1 +1.818 -0.781 -2.802 +4.058 
Caso 2 +3.058 -1.230 +1.464 +3.929 
Caso 3 -2.611 +1.809 -1.440 +9.762 
Caso 4 +3.654 -1.786 +1.857 -3.482 
Caso 5 +1.124 -2.462 +0.698 -3.982 
Valore 
medio 






6%,+%&/$U! 5&,.3.! 8%6/*.! VIaWW44! 6+3! F$5&.! G*.&/53%! :! %! 1I@@A! 44! 6+3!




&.&! E! *$6+3/5/5! 6/5/$6/$#54%&/%! 6$,&$G$#5/$75! G5//5! %##%'$.&%! F%*! 35!
8%7$5'$.&%!5&8.35*%!6$&$6/*5!6+3!F$5&.!65,$//53%!S!Fw!@I@@AT!
PAZIENTE Destra Sinistra 
Caso 1 ------- 1.9 
Caso 2 ------- 4.659° 
Caso 3 ------- 5.8° 
Caso 4 -------- 4.641° 
Caso 5 1.584 -------- 
Caso 6 ------- -------- 
Caso 7 1.239° -------- 
Valore medio 0.941° 2.240° 
g520!X!\*+FF.!/%6/!
PAZIENTE Destra Sinistra 
Caso 1 14.653° --------- 
Caso 2 ---------- 7.133° 
Caso 3 4.983° 12.222° 
Caso 4 --------- 3.447° 
Caso 5 7.187° 9.990° 















Caso 2 .W/@@! "W?9?!
Caso 3 "W.9=! .W@?-!
Caso 4 .W-L-! .W?"=!
Caso 5 .W@9.! .W@=@!
Caso 6 .W--G! "W.-9!




Caso 1 -W@.-! .W-G=!
Caso 2 -WGL.! LWL/?!
Caso 3 9WL@/! -W--"!
Caso 4 .W??G! GW?"L!
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#.**%//.! F.6$'$.&54%&/.! 8%335! 8$45! ,+$85! $3! #.&6%,+%&/%! #.**%//.!
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8+*5&/%! 35! G56%!
*$#.6/*+//$75!



















D%! /%#&.3.,$%! (>?;(>9! %! 8$! F*././$F$''5'$.&%! *5F$85! 6.&.! 6/5/%!
$&/*.8.//%!$&!542$/.!45:$33.;G5##$53%!53!G$&%!8$!$&#*%4%&/5*%!35!F*%#$6$.&%!
8%33%!4%/.8$#)%! *$#.6/*+//$7%! *$8+#%&8.! 35!4.*2$8$/H!%! $! /%4F$!.F%*5/.*$!!
S\$26.&!1@@YI!c$*6#)!1@@WI!D%$,,%&%*!1@@WI!D$+!1@@WT0!!
!
R2$%//$7.! 8$! K+%6/5! *$#%*#5! E! 6/5/.! K+%33.! 8$! $&/*.8+**%! +&5! &+.75!
4%/.8$#5! *$#.6/*+//$75! 45&8$2.35*%! 6G*+//5&8.! ! K+%6/%! /%#&.3.,$%0! N&!
F5*/$#.35*%! 6$! E! F*.F.6/.! F%*! 35! F*$45! 7.3/5! 3L+/$3$''.! 8$! F35##)%!




#.&G*.&/5&8.! 3%! $&85,$&$! g(! F*%.F%*5/.*$%! %! F.6/.F%*5/.*$%! 8$! .,&$! 6$&,.3.!
F5'$%&/%! %! +/$3$''5&8.! 6F%#$G$#$! F+&/$! 5&5/.4$#$! 8$! *$G%*$4%&/.! &%3! ,*+FF.! 8$!







D5! 6#%3/5!8!K+%6/$! F5*54%/*$! E! 6/5/5!%GG%//+5/5! /%&%&8.! #.&/.!8%335! 3.*.!
$4F.*/5&'5!$&!G+&'$.&%!8%335!G+/+*5!*$52$3$/5'$.&%!F*./%6$#5!8%3!F5'$%&/%!$&!
K+5&/.! 35! 3.*.! #.&6%*75'$.&%! 566$#+*5! +&! #.**%//.! *5FF.*/.!
$&/%*456#%335*%! F.6/.F%*5/.*$.0! P%3! #.4F3%66.! &%3! ,*+FF.! /%6/! 3L5+6$3$.!
8%33%! /%#&$#)%! (>?;(>9! )5! F%*4%66.! 8$! 45&/%&%*%! #.&! 5##+*5/%''5!
! ?/!
K+%6/$! F5*54%/*$! #.&! +&5! 8$GG%*%&'5! /53.*5! 6/5/$6/$#54%&/%! 6$,&$G$#5/$75!
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